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Abstract 
In the current energy scene of fossil fuel, renewable energy sources such as biodiesel, bioethanol, biomethane, and biomass from wastes 
or hydrogen have become the subjects of great interest. These fuels contribute to the reduction of dependence on fossil fuels. In addition, 
energy sources such as these could partially replace the use of those fuels which are responsible for environmental pollution and may be 
scarce in the future. For these reasons they are known as “alternative fuels”. Vegetable oil cannot be directly used in the diesel engine for 
its high viscosity, high density, high flash point and lower calorific value. So it needs to be converted into biodiesel to make it consistent 
with fuel properties of diesel. Biodiesel production is a valuable process which needs a continued study and optimization process. The 
present study was intended to consider aspects related to the production of biodiesel from Neem oil and investigating its fuel properties. 
The seeds of Neem contain 30-40 % oil. This report deals with biodiesel obtained from Neem oil which are mono alkyl esters produced 
using ‘Transesterification’ process. The optimum conditions to achieve maximum yield of biodiesel were investigated at different 
temperatures and with different molar ratio of Neem oil and methanol. The most expected result including layer of glycerin and soap has 
been investigated at 3:1 molar ratio of methanol and Neem oil at 55 to 61°C temperature ranges. It was apparent that the fuel properties of 
biodiesel including density, kinematic viscosity and calorific value lie within the standards biodiesel properties especially (ASTM 6751-
02) recommended standard of kinematic viscosity lies between 1.90 to 6.0 centistokes. Biodiesel can make a major contribution in the 
future if it meets the few percent of petroleum and it can provide improved fuel properties lower emission of unburned hydrocarbons, 
carbon monoxide but higher level of oxides of nitrogen. 
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1. Introduction 
In the modern world, the demand for non-renewable energy sources is increasing day by day due to modernization and 
mechanization. Demand for electricity and enormous increase in the number of automobiles has resulted in greater demand 
for petroleum products. The increasing demand for the petroleum based fuels has led to oil crises in the recent times. 
Therefore attention has been focused on developing the renewable or alternate fuels to replace the petroleum based fuels for 
transport vehicles.  
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Fossil fuels are still being created today by underground heat and pressure; they are being consumed more rapidly than 
they are being created. Insufficient quantities or unreasonable price of petroleum fuels deeply concerns us whereas the 
renewable energy is a promising alternative solution because it is clean and environmentally safe  [1].Due to petroleum fuel, 
Pollution and accelerating energy consumption have already affected equilibrium of the earth’s landmasses and biodiversity.   
 
Since petroleum diesel and gasoline consist of blends of hundreds of different chemicals of varying hydrocarbon chains, 
many of these are hazardous and toxic. Carbon monoxide (produced when combustion is inefficient or incomplete), nitrogen 
oxides (produced when combustion occurs at very high temperatures), sulfur oxides (produced when elemental sulfur is 
present in the fuel), and particulates that are generally produced during combustion are other specific emissions of concern.  
So it is time to search for its alternative fuels  [2].There are several alternative sources of fuel like vegetable oils, biogas, 
biomass, primary alcohols which are all renewable in nature. Among these fuels, vegetable oils appear to have an 
exceptional importance as they are renewable and widely available, biodegradable, non-toxic and environment friendly. The 
alternative fuel that much closer to diesel engine is ‘biodiesel’.  
 
Biodiesel refers to a family of products made from vegetable oil or animal fats and alcohol, such as methanol or ethanol, 
called mono alkyl esters of fatty acids.  Study shows that, on the mass basis, biodiesel has an energy content of about 12% 
less than petroleum based diesel fuel. It reduces unburned hydrocarbons (HC), carbon monoxide (CO), and increase oxides 
of nitrogen (NOx) than diesel-fueled engine. It is a domestic, renewable fuel for diesel engine derived from natural oil like 
Neem oil. Biodiesel is environment friendly liquid fluid similar to conventional diesel fuel in engine tests, the power and 
fuel consumption [3, 4]. 
Neem is a tree in the family ‘maliaceae’ which grows various parts in Bangladesh. It’s scientific name ‘Azadirachta 
indica’. The evergreen tree is large, reaching 12 to 18 meters in height with a girth of up to 1.8 to 2.4 meters. The seeds have 
40% oil which has high potential for the production of biodiesel. It has a higher molecular weight, viscosity, density, and 
flash point than diesel fuel. Neem oil is generally light to dark brown, bitter and has a strong odor that is said to combine the 
odors of peanut and garlic [5,6].  
 
Neem comprises mainly of triglycerides and large amounts of triterpenoid compounds. It contains four significant 
saturated fatty acids, of which two are palmitic acid and two are stearic acid. It also contains polyunsaturated fatty acids 
such as oleic acid and linoleic acids [7].  
2. Biodiesel production methods  
The present study is based on biodiesel production which consists of reaction where an ester reacts with alcohol to form 
another ester and another alcohol.  Ester here is the vegetable oil (Neem oil) which consist triglyceride. There are four ways 
to use neat vegetable oils in diesel engine [10-13]:  
i. Direct use or blending in diesel fuel 
ii. Micro emulsions in diesel fuel  
iii. Thermal cracking of vegetable oils 
iv. Transesterification. 
Out of the four methods, transesterification is the most popular and best way to use neat vegetable oils  [14]. It was 
conducted as early as 1853 by scientists E. Duffy and J. Patrick, many years before the first diesel engine became functional   
[14]. For the purpose of soap production, in the 1940s this process was developed to improve the separation of glycerin 
[16]. Acid catalyst is used for the esterification and alkali catalyst was (KOH or NaOH) used for the transesterification 
reaction. The formation of methyl esters by transesterification of vegetable oil requires raw oil, 15% of methanol & 5% of 
sodium hydroxide on mass basis.  On mol basis, one mol glyceride reacts with three mol methanols in presence of a catalyst 
(KOH or NaOH) to produce methyl esters. For the equilibrium condition of the reaction 55-65°C temperature is needed. In 
most cases the temperature is kept below the normal boiling point of the methanol (65°C), so that the reactor does not need 
to be pressurized [3,17].  
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The total process followed two stages: 
Firstly, to reach the equilibrium conditions at temperature 55-65°C. Secondly, for glycerin separation the product 
mixture was stimulated continuously and then allowed to settle under gravity in a separating funnel   [3, 16]. Two distinct 
layers form after gravity settling for 24h. The upper layer was of ester and lower layer was of glycerol. The lower layer was 
separated out. The separated ester contains 3% to 6% methanol and usually some soap. If the soap level is low enough (300 
to 500 ppm), the methanol can be removed by vaporization and this methanol will usually be dry enough to directly recycle 
back to the reaction. After the removal of methanol, the biodiesel needs to be washed to remove residual free glycerin, 
methanol, soap, and catalyst. It is done frequently before creating emulsion of contaminants themselves. Biodiesel was 
mixed with some warm water (around 10 % volume of ester) to remove the catalyst present in ester and allowed to settle 
under gravity for another 24h. The catalyst gets dissolved in water, which is separated and removed the moisture. The 
washing process is usually done multiple times until the wash water no longer picks up soap [4, 18]. 
 
 
Although the gray water from later washes can be used as the supply water for the earlier wash steps, the total amount of 
water will typically be one or two times the volume flow rate of the biodiesel. I used 10% of water of total volume of 
biodiesel and heated above 100°C. The residual methanol and water both were vaporized. Acids can be used to reduce the 
amount of water. Weaker organic acid, such as citric acid, will neutralize the catalyst and produce a soluble salt.  
 
Stronger inorganic acid such as hydrochloric, sulfuric, or phosphoric, can be used to split the soap and this reduces the 
water requirement to 5% to 10 % of the biodiesel because the salts are easier to remove than the soap. The residual water 
droplets of biodiesel after settling out can be removed by flash evaporator. Although I applied water washing technique for 
separation of residual methyl esters but instead of using water washing, solid absorbents such as magnesium silicate can be 
used for this purpose. The fine powder of absorbents absorbs the contaminants such as soap, catalyst, and free glycerol. [4]. 
 
The overall processing of biodiesel from Neem oil consists of the collection of oil from Neem seeds first.  Combined 
reaction of alcohol, catalyst &oil takes place. Catalyst works here as the unchangeable compound which runs the reaction 
speedy well.  The schematic diagram of the production of biodiesel from oil is given bellow:              
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Fig.1. Schematic of biodiesel processing 
 
When the separation of esters and glycerol occurs, glycerol contains soaps, catalyst, methanol & other impurities. So for 
the improvement of this situation, purity of the glycerol is needed. To neutralize the catalyst and split the soap strong 
hydrochloric acid (HCl) was added to the glycerin [4]. 
 
Soap + Hydrochloric Acid                    Fatty Acid + Salt 
In the glycerin, the free fatty acids are not soluble; so it can be easily separated using a centrifuge. Methanol can be 
removed by vaporization. Remainder impurities are salt. There is a special concern that high free fatty acid (FFA) during 
biodiesel production may cause obstruction to the separation of methyl esters and glycerin.  
 
Fatty Acid +NaOH                         Soap + Water 
Fatty Acid + Methanol      H2SO4         Methyl Ester + Water 
The acid based catalization slows the transesterification reaction. The two-step approach of acid-catalyzed esterification 
followed by base-catalyzed transesterification gave a complete reaction at moderate temperature (50 to 61°C). The biodiesel 
we need was processed finally by drying the found methyl ester [3, 4, 16, 17]. 
3. The experimental investigation 
This was performed in the metrology lab, Department of Mechanical Engineering, KUET, Bangladesh. Oil samples with 
beaker were kept on hotbox oven chamber. Amongst all the samples we take one as the most satisfactory result. The sample 
of 100 ml of Neem oil with 300 ml of methanol (CH3OH) in presence of NaOH as catalyst was taken as final production of 
biodiesel. The amount of biodiesel was 0.95 ml. The viscosity was measured with the help of Say bolt Viscometer. The 
density and calorific value were measured with the help of Electronic Precision Balance and Bomb Calorimeter respectively 
in the Heat Engine Laboratory. In the following figure it shows the stage of biodiesel with glycerin and soap layer which 
was found at equilibrium condition.   
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Fig 2. Biodiesel processing in Hotbox Oven Chamber                                        Fig. 3. Shows the different layers after reaction 
             Table 1. The observed properties 
Properties Neem oil Neem oil* Biodiesel Diesel* 
Density (gm/cc) 
 
0.878 0.778 0.61 0.84 
Kinematic viscosity (centistokes) at 35°C of oil 24.14 21.38 5.96 4.0 
Calorific value [MJ/kg] 26.65 _ 38.15 45 
* Properties are taken as standard value           
Reduction in viscosity (24.14-5.96) = 18.18 centistokes. As the viscosity is the vital factor for oil being consistent to be 
used as diesel so the reduced viscosity made the Neem oil to biodiesel as it lays the ASTM D6751-02 recommended 
standard of 1.90 to 6.0. Other properties i.e. density, calorific value were also taken but not mentioned in the tables. 
                               Table 2: Cost of biodiesel production from Neem oil: 
SI. No. Component Cost (Tk.) 
1 Neem Oil –   100 ml 8.25 
2 Transesterification Cost- 300 ml of Methanol 216 
3 Catalyst NaOH 0.8 gm 1.10 
4 Recovery (Glycerin 100 ml+ Soap 190 ml) 50 
5 Total Cost 175.35 
 
Biodiesel production from 1 liter Neem Oil=0.95 Liter 
So Cost of Biodiesel per liter= 1845.78 Tk. 
 
The cost of the biodiesel production can be minimized as possible to recover the used methanol. Recycling of methanol 
again and again in mass production and commercial use the cost must be come to the lowest amount. Also the by-product 
such as glycerin and soap play an important role to minimize the cost.  
4. Discussion 
The use of biodiesel as an alternative fuel has turned the technological aspect of energy evaluation to a growing change. 
The conversion of vegetable oil such as Neem oil to biodiesel has performed and a remarkable change of the fuel properties 
were observed. From the observed properties of biodiesel it is shown that properties were very close to diesel properties. 
During the production of biodiesel from Neem oil, the challenge is to reduce the cost of production low enough that it can 
compete with diesel, which will come as biodiesel producers improve and automate production operations. The layer 
formation here is the concerning matter because of the proper transesterification may hamper due to absence of proper 
amount of methanol and catalyst. The reaction consumes about 6 to 7 hours to come into equilibrium condition. The 3:1 
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molar ratio of methanol and oil at 55°C to 61°C (below 65°C) in presence of 1 atm pressure has been found as the expected 
condition for equilibrium. The hard formation of glycerin and soap layer contributes to the most appropriate biodiesel 
production. The separated by product can give economical support which is one of the advantageous aspect of biodiesel 
production. Being introduced with the property investigations it can be explained that Neem oil has low properties of using 
as fuel but the formation of biodiesel from it leads it to use as an alternative fuel for diesel engine. The observed properties 
intended me to use it as the future generation fuel in assistance with the petroleum based fuel specially diesel fuel. 
Kinematic viscosity is the main thing for biodiesel specification. As the observed kinematic viscosity lay between 1.9 to 6.0 
according to the ASTM D6751 specification so my produced biodiesel was suitable for using in diesel engine. 
5. Conclusion 
Biodiesel is a domestic fuel alternative and can contribute to a more stable supply of energy. The biodiesel fuel 
production process has evolved considerably to minimize the original problems with viscosity. Today, biodiesel is an 
increasingly attractive, non-toxic, biodegradable fossil fuel alternative that can be produced from a variety of renewable 
sources. Neem oil has potential as an alternative energy source. But it is not possible for oil alone to solve dependency on 
foreign oil within any particular time frame. Significant commitment of resources would require increasing production of 
Neem oil. These needs are being met with recent advances in instrumentation technology. The emphasis should be made to 
invest in agriculture sector for exploitation of existing potential by establishing model seed procurement centers, installing 
preprocessing and processing facilities, oil extraction unit, transesterification units etc. The organized plantation and 
systematic collection of Neem oil, being potential bio-diesel substitutes will reduce the import burden of crude petroleum.  
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